, calf testicle (Gratzek et al., 1967) , Madin Darby Bovine Kidney (Crandell and Michuda, 1972; Tsai and Thomson, 1975a) and most frequently in bovine embryonic kidney cells (Hamdy, 1965; Frank, 1970; Tsai and Thomson, 1975a; Fernandez et al., 1981) . However, little information is available about the behavior of BPI3V in in vitro culture of bovine lung cells. Bovine embryonic lung cells were used to titrate the infectivity of BPI3V samples in a study of the aerosol stability of the virus (Elazhary and Derbyshire, 1979) . Hemadsorption and bacterial adsorption to BPI3V-inoculated bovine embryonic lung (BEL) cells was also studied (Toth and Gates, 1981) . The purpose of the present study was to characterize the kinetics of the expression, the morphology and location of BPI3V proteins in the cytoplasm and on the surface of BEL cells by fluorescence microscopy, and to correlate hemadsorption of guinea pig erythrocytes (GPE) with cell-surface fluorescence.
Cell culture
Bovine embryonic lung (Toth, 1982) cells were propagated with Eagle's minimum essential medium (EMEM) (GIBCO Laboratories, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS) (Sterile Systems, Logan, Utah), penicillin, streptomycin, and fungizone at concentrations of 100 units, 100 kg, and 2.5 kg/ml, respectively. For the experiments about 40000 BEL cells were seeded into each 1 cm2 chamber of g-chamber slides (Lab-Tek Products, Miles Laboratories, Elkhart, IN) in EMEM containing 10% FBS.
Virus replication in chamber slides
The SF-4 strain of BPI3V, propagated in BEL cells, and having a titer of 10' median tissue culture infective dose (TCID,,)/ml, was used as stock virus. Monolayers of BEL cells were inoculated with lo5 or lo3 TCID,, of BPUV/chamber in 0.1 ml volume. The slides were incubated for 60 min at 37°C the inoculum was removed and the cells were washed twice with EMEM containing 1% FBS. Then 0.4 ml of the same medium was added to each chamber and the slides were incubated at 37°C in 5% CO,-containing, humidified air. The completed virus adsorption was considered 0 time. At 0.5, 1, 2, 4, 8, 16, 24, 30, 36, 42 and 48 h p.i., slides were removed from the incubator for demonstration of viral proteins. Negative controls were chambers with BEL monolayers that were sham inoculated with virus-free EMEM, and processed as the virus inoculated chambers. For each virus dose/p.i. time combination duplicate chambers were analyzed in each of 2 experiments.
Indirect fluorescence antibody staining of intracellular viral proteins
The primary antibody was BPI3V hyperimmune serum (Dr. Glynn Frank, National Animal Disease Center, Ames, IA, U.S.A.) diluted 1600 in 0.01 M phos-phate-buffered saline (PBS). The secondary antibody was fluorescent isothiocyanate (FITC)conjugated anti-bovine IgG (Miles Laboratories, Elkhart, IN) diluted 1:80 in 0.01 M PBS. Slides were washed twice with 0.01 M PBS, air dried, fixed for 5 min in ice-cold acetone, air dried and stored at -80°C until stained. Before staining the slides were rehydrated for 5 min in deionized water. Antibodies were incubated on the slides at room temperature for 30 min, with 20-min rinses between antibodies, in 0.01 M PBS. The slides were observed on an Olympus incident light fluorescence microscope and photographed with Ektachrome 1600 film. Proportions of cells positive for viral fluorescence were determined by scanning the whole surface of the chambers and recording the IFA positive cells according to the following scale: very few individual cells, less than l%, or 5% of the monolayer, and in 5% increments if more than 5% of the monolayers were IFA positive. The averages of the observations in duplicate chambers of 2 experiments representing each p.i. time are given.
Indirect FA staining of cell surface viral proteins
Viral proteins expressed on the surface of infected cells were demonstrated by IFA staining of unfixed, viable cells. At the above p.i. times the culture fluid was aspirated from the chambers, the slides were rinsed with 0.1 M PBS, then IFA staining was performed on fresh slides as described for the fixed cells, substituting 0.1 M PBS for 0.01 M PBS in the rinsing steps. After the final rinse the slides were dipped once in deionized water to desalt the preparation, air dried, fixed in absolute ethanol for 5 minutes, and then handled as described for the intracellular IFA assay.
Hemadsorption assay
These assays were performed independently from the IFA assays. Eight-chamber culture slides with monolayers of BEL cells were inoculated as described. At the p.i. times given above the fluid was aspirated from the chambers and 0.2 ml of 0.5% suspension of GPE in 0.1 M PBS containing 0.1% FBS was added to each chamber. The slides were incubated for 30 minutes at room temperature. The GPE suspension was aspirated, the chambers and gaskets were removed. The slides were rinsed, air dried, stained by Giemsa, rinsed, air dried and coverslipped with Permount (Fisher Scientific, Fair Lawn, NJ). The proportions of cells adsorbing GPE were estimated and expressed in percentage of the I&Ad-positive monolayers by the scale used for the IFA assay.
Results

Intracellular BPI3V proteins
The proportions of BEL cells positive in intracellular IFA tests are in Table 1 . Fluorescence was detected earliest at 0.5 h p.i. in a single, very small focus in the "Percentage of cells positive for BPDV proteins by IFA and HAd tests was determined by scanning the entire surface of 2 chambers of 1 cm* surface area. The values (average of 2 chambers in each of 2 experiments) were scored by a system of negative (0), very few individual cells (Ind. cell), <l%, 5% and in 5% increments above 5%. bIndirect fluorescent antibody assay using anti-BPBV hyperimmune serum and FITC-conjugated antibovine IgG antiserum of rabbit origin. EHemadsorption test using 0.5% guinea pig erythrocytes. dVirai dose (TCIDsdml) used to inoculate 1 cm* of BEL cell monolayer. lo5 TCID,,-inoculated monolayer. By 1 h p.i., the fluorescence appeared as very fine, distinct ~ytoplasmi~ granules in an extremely few individual cells. At 4 and 8 h p.i. the cells contained distinct granules ( Fig. 1A) . At 16 h p.i. viral proteins appeared as fine-granular or diffuse fluorescence occupying a large portion of the cytoplasm (Fig. 1B) . At 24 h p.i. the cytoplasm of the cells was filled with large aggregates of viral antigen which accumulated in some cells in the perinuclear region (Fig. 1C) . The morphology of fluorescence was essentially the same till 48 h pi. as seen at 24 h p.i. Fig. 1 . Intracellular fluorescence in BEL cells that were inoculated with BPI3V, and stained by indirect tluorescent antibody method as described in the text. Post-inoculation times: 4 h (A); 16 h (B); 24 h (C). 
Viral proteins on the cell sur$ace
The proportions of BEL cells positive in viable cell IFA assays are in Table 1 . Viral proteins were detected first at 16 h p.i. as a faint-to-sharp outline of the cell membrane on cells inoculated with lo5 TCID, virus ( Fig. 2A) . By 24 h p.i. the surface of the cells acquired a diffuse 'glowing' in addition to the intensive fluorescence outlining the cells (Fig. 2B) . At 48 h p.i. the cells had diffuse surface fluorescence, the cell membranes were intensively outlined and larger aggregates of surface antigens were seen on a few cells (Fig. 2C) . In cells inoculated with 103 TCID&hamber the appearance of viral proteins was delayed, but the character of fluorescence was similar to those in cells inoculated with the higher dose of BPI3V.
Hemadsorption
The proportion of HAd positive cells are in Table 1 . At 16 h p.i. isolated foci of HAdpositive cells were seen. Subsequently, the increasing proportions of HAdpositive cells correlated with the increasing percentage of the cells positive for surface fluorescence.
All sham-inoculated monolayers of BEL cells were consistently negative for cytoplasmic or surface fluorescence and for hemadsorption.
Discussion
The post inoculation time at which we have seen the first intracellular BPDV proteins corresponds with the results of Portner and Russel (1973) with measles virus, but precedes by about 8 h the first demonstration of intracellular measles virus by Norrby (1972) and by about 16 h the first appearance of intracellular bovine respiratory syncytial virus proteins (Rossi and Kiesel, 1977) . Our results agree with those of Tsai and Thomson (1975a) who used fluorescence microscopy to demonstrate intracytoplasmic inclusions, as small granules, surrounding the nuclei in more than 90% of BPI3V-inoculated bovine embryonic kidney and spleen cultures 2 days p.i. As they have not tested the kinetics of the appearance of BPDV prior to 2 days p.i. we do not know how our results would have related to theirs in earlier times of virus replication. In our study lOO-fold lower BPI3V inoculum resulted in a 24 h delay in the appearance of detectable intracellular viral proteins. Proteins of the BPDV appeared 16 h later on the surface than in the cytoplasm of the cells. This agrees with the results of Norrby (1972) with measles virus membrane associated proteins and demonstrates the period necessary for the BPI3V envelope proteins to be inserted'into the cell membrane. While the proportion of cells positive for intracellular FA increased within 22 h from 5% at 2 h p.i. to 55% at 24 h p.i., the proportion of surface FA positive cells increased within 24 h from ~1% only to 35% (Table 1 ). This suggests that the rate of the insertion of the BPI3V proteins into cell-membranes lagged somewhat behind the rate of the appearance of the intracellular BPI3V proteins. One of the viral proteins on the surface of the cells, the hemagglutinin, is involved in binding red blood cells to the surface of the infected cells (Kahrs, 1981; Toth and Gates, 1981) . The kinetics of the adherence of the GPEs to the BEL cells inoculated with the 2 different doses of BPDV correlated closely with the kinetics of the appearance of the IFA positive cell-surface BPI3V antigens (Table 1 ). This finding indicates that the BPI3V hyperimmune serum has recognized BPI3V hemagglutinin on the surface of inoculated cells.
Fluorescence was confined to the cytoplasm and the membrane of infected cells. Tsai and Thomson (1975a) have seen small eosinophilic inclusion bodies early in BPI3V-infected bovine embryonic kidney and spleen cultures which by fluorescence microscopy appeared as small fluorescing granules surrounding the nuclei. In the tracheal mucosa of calves infected with aerosolized BPI3V these aggregates were identified as viral nucleocapsids (Tsai and Thomson, 1975b) . We have seen granules, presumably also viral nucleocapsids, relatively early, e.g. 4 and 8 h p.i.
In summary, our study demonstrated (a) intracellular viral BPI3V proteins very early in infected BEL cells, (b) followed by rapid replication resulting in full infection of the monolayers in 48 h, (c) a delay of 16 h in insertion of BPI3V proteins into the cell membranes, and (d) a general delay in the kinetics of the appearance of viral proteins when cells were infected with loo-fold less virus.
